Abstract: In order to reflect the randomness and uncertainty of geomaterials, it is essential to study the probability model of geotechnical parameters. Based on normal information diffusion principle, a probability model deduction method for geotechnical parameters was presented in this paper. Taken a set of friction coefficient data as basic information, deducted the probability distribution using normal information diffusion method. Then, K-S test was used to compare the results of classical distribution, truncated distribution and normal information diffusion distribution. The results show that, the test value of normal information diffusion distribution is smaller than the classical distribution and truncated distribution. The cumulative probability value of normal information diffusion distribution is 1, and the cumulative probability curve of which is closer to the empirical cumulative distribution function. It turns out to be a better probability model deduction method for geotechnical parameters.
Introduction
With the development of geotechnical engineering theory, uncertainty analysis is widely adopted and used gradually. It's essential and significant to deduct the probability distributions of random variables for reliability analysis and optimized analysis.
H.S. Ang [1] has made outstanding contributions to the civil engineering reliability analysis. In his book, some important probability concepts and reliability methods are introduced. Traditional method for deducting the probability distribution of geotechnical parameters is using some classical distributions and goodness-of-fit tests. In the research of Chun-Ling Yan et al. [2] , 50 compressive and 50 tensile strength values were obtained by RMT-150B testing systems. By the hypothesis test method, it was proved that the uniaxial compressive strength followed normal distribution, the tensile strength followed lognormal distribution, the elastic modulus and Poisson's ratio followed normal distribution, the cohesion followed lognormal distribution and the internal friction angle followed normal distribution. However, classical distributions cannot reflect the actual regularities of geotechnical parameters in many cases. Feng-Qiang Gong et al. [3] used Chebyshev orthogonal polynomial to deduct the probability distributions of rock random variables and proved this method was a better way. But, sometimes, this method can lead to the probability value being negative.
The principle of normal information diffusion (NID) based on fuzzy set methods is a new approach for functional approximation. The NID method can make sure the raw information is retained furthest [4] . Feng-Qiang Gong et al. [5] proved using this method to deduct the probability distributions of c and φ values was great. However, the truncation processing was not considered in their research. To verify the applicability of deducting probability distribution of geotechnical parameters using NID method, a set of friction coefficient sample will be taken as an example in this paper. This sample was considered to follow lognormal distribution [6] . Then, NID method is used to deduct the probability model and compared with classical distribution. In this way, it can be concluded whether NID distribution reflects the actual regularities of geotechnical parameters better.
Probability Model Deduction Based on NID Principle
The principle of normal information diffusion based on fuzzy set methods is a new approach for functional approximation. This method can transit raw information to fuzzy relation directly in a certain way. In this way, the calculation about membership function can be avoided. So the raw information can be retained furthest [4] .
Normal Information Diffusion
Suppose a function ( )
as the probability density function of random variable O. Define ( )
is the knowledge sample. V is the domain of discourse of W and i x is the observed value of i w . Suppose 0 > n ∆ is the window width and it is a constant. Then, based on the principle of normal information diffusion, the estimation of distribution of ( )
where h is the window width of standard normal diffusion ( )
and n is the number of samples. Normal diffusion model is the most commonly used model of one-dimension information diffusion, which has been described and expressed by Huang [4] .
The observed value of i w is i x , the maximum of i x is max x , the minimum of i x is min x . According to the principle of selecting near in NID theory, the window width h can be obtained as follows:
The values of γ can be got in a table [7] .
Fundamentals of Truncated Distribution
In reliability design of geotechnical engineering, theoretical distributions are always used to deduct the probability model of random variables to make calculation easy, such as stress, strength, load, geometric dimensioning and so on. The value ranges of these random variables in theoretical distributions are all ( ) ∞ ∞， -, which are improper in geotechnical engineering. Actually, the values of geotechnical parameters cannot be infinity, zero or negative infinity. So, the truncation processing is required, which will lead to the cumulative probability in truncation interval being less than 1 for theoretical distributions. Although the truncated distribution can make sure that the cumulative probability is 1, this method is a linear processing ultimately without any practical significance.
The truncated distribution means that the original probability density function ( )
where a, b are two truncation points respectively. If only one end is truncated, the other end is set to infinity or negative infinity.
The model of truncated distribution is as follows: is the truncated probability density function of T.
is the probability density function of theoretical distribution corresponding to the truncated distribution.
Engineering Example
Take a set of shale friction coefficient data (shown in Table 1 ) as the example. Xi-Bing Li et al. [6] considered that this sample followed log-normal distribution by traditional method. NID method deduction will be made and compared with the former. Fig. 1 shows that the probability density curve of NID distribution agrees with the actual distribution pretty well, from which the great superiority of this method can be seen intuitively. The cumulative probability curves also show the great superiority of NID method.
The K-S test results are listed in Table 2 and show that all of these distributions can pass the test. However, great superiority of NID distribution can be found by comparing the test results and the values of ( ) For the sample of shale friction coefficient, the critical value is 0.2400. The test results of log-normal distribution, truncated log-normal distribution and normal information diffusion distribution are 0.0872, 0.0769 and 0.0327. The NID distribution is the best method judging from the K-S test. In addition, it can be found that the truncation processing rarely works for improving imitative effect.
The cumulative probability value of log-normal distribution is 0.9742. The cumulative probability values of truncated log-normal distribution and NID distribution are both 1. What's more, although the cumulative probability values of truncated log-normal distribution are 1, the probability density curve is unsatisfactory. Therefore, this linear processing is not an appropriate improved way.
Conclusions
By analyzing the above example, it can be seen that the K-S test results of NID distribution are better than the other two methods. The cumulative probability value of NID distribution can reach 1. So, it can be concluded that using NID method to deduct the probability model of geotechnical parameters is appropriate. In this way, the probability model of geotechnical parameters can be more accurate.
